The thermal profile for polymerase chain reaction (PCR) 
INTRODUCTION
There have been numerous molecular studies using museum collections of microbes, invertebrates, vertebrates, and plants (Willerslev et al., 2004; Willerslev and Cooper, 2005) . Insects, the most diverse animal group in the world, have several disadvantages for obtaining high-yield DNA for genetic studies from air-dried collections (Goldstein and DeSalle, 2003; Harper et al., 2006; Watts et al., 2007) . Insects are passed through a series of pretreatments before preservation in the collection, which can affect the specimen DNA for extraction procedures (Lindahl, 1993) . Chitin is one of the known DNA extraction reaction inhibitors for beetles, due to the natural aminopolysaccharide, which is a unique structural component of exoskeleton (Merzedorfer, 2013) .
In systematic collections, there are series of specimens that are documented to retain their scientific value. The systematic collections are represented in the same way as a research library (Mandriolo, 2008; VanHardenbroek et al., 2012) . Many phylogenetic, taxonomic and ecological studies are based on using previously collected specimens (Winker 2004; Wandeler et al., 2007) .
Systematics is usually interested in historical classifications, specified classifications of the natural hierarchy that include the tree of life. Molecular systematics involves many approaches in which phylogenetic relationships are included by using information from molecular sequences of the organisms under study (Lemey et al., 2009; Wiley and Lieberman, 2011) . Nowadays, air-dried collection material is used for different studies of evolution, ecology and systematics (Krishtalka et al., 2000; Suarez & Tsutsui, 2004; Thomsen et al., 2009) .
However, numerous studies depend on species identification and phylogenetic relationships, which are based on molecular methods. Various molecular protocols have been developed, but most of them should be optimized for specific specimens (Maddison et al., 1999; Calderon-Cortes et al., 2010; Kotze et al., 2011) .
Ground beetles are the most diverse and the best known of Latvian beetles. Ground beetles have been studied in Latvia for more than two centuries (Barðevskis, 2003) and there is an epoch of combined studies of morphology, ecology and molecular biology. There are described 57 species of Notiophilus genus in the world, of which 47 are distributed in Palearctic, 16 in Nearctic, and 2 in Neotropical regions (Barðevskis, 2007) .
Various molecular methods have been developed for obtaining high-yield DNA from air-dried collection specimens PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) (Gilbert et al., 2007; Watts et al., 2007) . DNA extraction from ancient insects is limited by the destructive sampling methods, which may destroy important morphological characteristics. Many museum specimens have suffered from such sampling procedures, but there are several methods to obtain DNA by using non-destructive sampling methods (Rohland et al., 2004; Gilbert et al., 2007; Thomsen et al., 2009) .
A huge number of universal primers for ground beetles have been produced. These primers provide a possibility to study variable regions of DNA for molecular studies of species identification or molecular phylogenetics (Howland and Hewitt, 1995; Maddison et al., 2009 ). Universal primers for several genes are effective in research of little-known species. In cases of using universal primers, it is necessary to optimise the thermal profile for samples (Sipos et al., 2006; Raupach et al., 2010) . In general, the primer annealing temperature is a critical parameter in the PCR thermal profile. The universal primer pair LCO/HCO has been used in studies for several species using the mitochondrial DNA cytochrome oxidase I. The most popular primers for mitochondrial DNA genes are for specimens from air-dried collection materials (Gilbert et al., 2007; Thomsen et al., 2009 ). This might be because the amount of isolated mitochondrial DNA is higher than the amount of nuclear DNA from airdried collection material (Goldsen and DeSalle, 2003; Gavarâne et al., 2011) . The LCO/HCO primer pair has been used in many studies, but the used primers annealing temperature differs in the range from 42°C to 55°C (Dahlgren et al., 2000; Kelly et al., 2007; Margam et al., 2010; Muller and Beheregaray, 2010; Sun et al., 2012) .
If the optimal thermal profile is unknown, one of the possibilities is to use gradient PCR, but many trials are needed in a single experiment. Gel electrophoresis is used for gradient polymerase chain reaction (PCR) product visualisation (Lueders and Friedrich, 2003) . In cases when real-time PCR method is used, it is possible to analyse the data without using special visualisation. In real-time PCR the reaction is monitored during the process by monitoring the fluorescence of dyes using special software (Burnt et al., 2005; Yuan et al., 2006) .
As the name suggests, real time PCR is a technique used to record the changes of a PCR reaction in real time. A relatively small amount of PCR product can be quantified by using this method. Nowadays, real-time PCR technique has reached a level of sensitivity, correctness and practical simplicity that allows using it as bioinstrumentation (Bustin et al., 2005; Wong and Medrano, 2005) . Routine uses of real-time PCR include approbation of PCR conditions, species identification analysis, gene expression analysis, pathogen detection, single nucleotide polymorphism (SNP) analysis, analysis of chromosome aberrations and protein detection by real-time immuno PCR (Kubista et al., 2006; VanGuilder, 2008) . Optimal usage of these advantages requires understanding of the many options available for running a real-time PCR experiment (Wong and Medrano, 2005) . Real-time PCR using SYBR Green I combine the ease and necessary precision to be able to produce reliable and rapid results. Two figures of real-time PCR -Ct and Melt characterize the success of reaction (Yuan et al., 2008) . In this study, these two figures were analyzed to estimate the different primer annealing temperatures for each sample. We aim to investigate the HCO/LCO primer annealing temperature for DNA samples obtained from air-dried collection material of Notiophilus beetles from various regions of the world. DNA was quantified by spectrophotometer method with a NanoDrop1000 (ThermoScientific Fisher, Finland) as recommended by the manufacturer. DNA samples used for a given PCR were quantified for all reactions. The Abs260/280 and Abs 260/230 ratios for the genomic DNA were determined with NanoDrop1000 (ThermoScientific Fisher, Finland).
MATERIALS AND METHODS

Taxa
Real-time PCR. PCR conditions for each sample were approbating using real-time PCR method. For real-time PCR, the 25 µl volume contained 1x QuantiFast SYBR Green PCR Master Mix (Qiagen, Germany), 1 µM of forward LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and 1 µM of reverse HCO2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3') primer and 25 ng of genomic DNA. PCR was run using a SmartCycler (Cepheid, USA) real-time PCR system. Negative and positive controls were included with each round of reactions. The amplification profile for COI is shown in Table 1. All real time PCR reactions were carried out in triplicate for each DNA extract by using eight different annealing temperatures from 42°C to 55°C. The melting curve analysis and cycle threshold (Ct), which refers to the cycle number where the fluorescence of sample significantly increases above the background level, was calculated automatically by the SmartCycler software (Cepheid, USA) as the first maximum of the second derivative of the curve.
The measurement of fluorescence is related to the amount of amplicon in the reaction.
Conventional PCR and sequencing. Amplification was performed in an AB Veriti Thermal Cycler (Applied Biosystems, USA) using a Taq PCR Core Kit (Qiagen, Germany). Qiagen Taq DNA polymerase was used in 25-µ reactions with magnesium concentration adjusted to 2.0 mmol/L. The PCR cycling consisted of a 3-min initial denaturation at 94°C, followed by 30 additional cycles of 45 s denaturation at 94°C, annealing for 30 s, extension for 1 min at 72°C, and then 10 min of final extension at 72°C. Negative and positive controls were included with each round of reactions.
The PCR amplification products were separated and visualized by an automated gel electrophoresis system QIAxcel and QIAxcel DNA High Resolution Kit (Qiagen, Germany) was used.
PCR products were cleaned-up by ExoSAP-IT (Affymetrix, USA) according to the manufacture protocol. Amplified PCR products were sequenced using an ABI 3130xl (Applied Biosystems, USA) capillary sequencer using BigDye Terminator v3.1 chemistry and for purification sequencing products BigDye XTerminator chemestry (Applied Biosystems, USA). Sequencing reactions used the same primers as for amplification. All sequences of the three species were aligned using SeqScape version 2.5 (Applied Biosystems, USA) with default settings. All sequences were identified by the online BLAST search tool.
RESULTS
In total, 48 adult specimens of Notiophilus collected from different locations and stored in air-dried collection, were used to detect the optimal HCO/LCO primer annealing temperature.
The mean DNA concentration was 9.16 ± 0.78 (SE) ng/µl for N. aquaticus (n = 24), 16.33 ± 1.22 (SE) ng/µl for N. semenovi (n = 12), and 12.44 ± 0.92 (SE) for N. jakovlevi (n = 12) ng/µl. The mean Abs260/280 was 1.29 ± 0.03 (SE) for N. aquaticus (n = 24), 1.86 ± 0.07 (SE) for N. semenovi (n = 12), and 1.94 ± 0.02 (SE) for N. jakovlevi (n = 12). The mean Abs260/230 was 0.93 ± 0.08 (SE) for N. aquaticus (n = 24), 1.96 ± 0.03 (SE) for N. semenovi (n = 12), and 1.39 ± 0.09 (SE) for N. jakovlevi (n = 12). Clean DNA (Demeke et al., 2009; Demeke et al., 2012) was shown by an Abs260/280 ratio ³1.8 and Abs260/230 ratio ³ 2.0.
Eight different primer annealing temperatures (42°C; 45°C 47°C; 49°C; 50°C; 51°C; 52°C, and 55°C) for universal mtDNA primer pair HCO/LCO were tested. According to Ct values, a 42°C primer annealing temperature was unsuitable for air-dried collection material. The 49°C primer annealing temperature was suitable for 35.42% of samples and 52°C primer annealing temperature for 22.92% (Fig. 1) . The 49°C and 52°C primer annealing temperatures showed the most successful results in PCR reaction for air-dried collection material. Melting curve analysis displayed contaminating DNA or primer dimers as an additional peak separate from the desired amplicon peak. The changes of melting curve depended on analysed primer annealing temperatures. The reaction Ct and Melt data and the electrophoresis data demonstrated that one appropriate primer annealing temperature is optimal for each sample.
In total, sequences from air-dried collection material were recovered from 36 of the 48 specimens examined. Complete sequences for three species were obtained. Three new sequences were directly submitted to the International database of molecular sequences GenBank. Accession numbers for nucleotide sequences are for N. aquaticus -KF060716, N. semenovi -KF060717 and N. jakovlevi -KF060718.
DISCUSSION
The success rate of PCR depends on many factors, such as DNA template, PCR conditions and reagents for reaction. We demonstrated that real-time PCR technique is useful for optimising the amplification profile for conventional PCR.
In our case we focused on the primer annealing temperature, but different amount of Taq polymerase (Alvarez et al., 2007) can be used for reaction optimisation. Success of the PCR reaction is the guaranteed prerequisite to obtain qualitative DNA sequences. The DNA primers LCO1490 and HCO2198 of the mitochondrial cytochrome oxidase subunit I gene from a broad range of invertebrates have been amplified to at least a 650 bp region (Folmer et al., 1994) . We are presently using these primers to examine the possibility to detect optimal primer annealing temperature by using real-time PCR. Also we are investigating the utility of this COI fragment for species identification of air-dried collection material.
Analyses of the differences in mtDNA are popular, because all mitochondrial DNA (mtDNA) is generally passed from female to offspring without recombination, it has a high speed of evolution process, significant interspecies polymorphism and has many copies (Morlais and Severson, 2002; Galtier et al., 2009; Hendrich et al., 2010) . Especially samples from air dried collection material are actually use mtDNA genes.
According to observed DNA quality, the DNA template of air-dried collection material is not high-yield and it is necessary to optimise molecular protocols to obtain good quality sequences for a routine analysis. Unfortunately, DNA yield and quality is not the limiting factor for PCR reaction. For example, a low Abs260/230 ratio indicates presence of the contaminants, mostly of carbohydrates (absorbance near 230 nm), but this has no influence on PCR reaction (Lindahl, 1993; Demeke et al., 2012) .
It seems likely that DNA degradation in dead tissue occurs, which depends on many factors such as storage conditions, absolute age, collection method and how it was euthanised (e.g. ethyl acetate, ethyl alcohol, formalin, cyanide) (Gilbert et al., 2007; Watts et al., 2007) . The range of DNA quantity and purity can be explained by specimen collection methods and storage conditions. Almost no specimens labels include such of information, so we could not determine effects of collection/storage conditions and PCR success.
It is difficult to predict which samples from air-dried collection material will be usable for molecular analysis. Such types of samples should be analyzed several times to ensure the quality of the data. For some samples it is possible that PCR reliability may be enhanced, for example, by optimising the PCR profile, increasing the amount of template, using E. coli colonies or double PCR (Folmer et al., 1994; Thomsen et al., 2009; Gavarâne et al., 2011; Demeke et al., 2012) . Real-time PCR could be used for samples that have low success of amplification, as it allows to control the reaction profile and to determine parameters associated with the effectiveness of reaction. Results obtained by using this method could be analyzed using two parameters by software despite using gradient PCR, there we are able to make conclusions about the presence of the required PCR product.
Until recently, almost all systematic studies were based on morphological and ecological studies. Now molecular biology methods are crucial as a tool in taxonomy studies. The numbers of described species are increasing rapidly causing taxonomic inflation (Isaac et al., 2004) . Hence, the knowledge of taxonomy is incomplete (Alroy, 2003) and it is significant to use not only fresh material, but also air-dried collection material/ancient species to develop the international databases of molecular sequences.
